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Introduction
Wnt signaling promotes SP1 stabilization 115 To elucidate the regulation of SP1, we analyzed the expression of SP1 in Wnt 116 signaling driven colorectal cancer cells in comparison with primary cell line 117 CRL1790. The expression pattern indicates that Wnt driven cancer cells exhibit 118 elevated levels of SP1 ( Figure 1A) . To test whether stimulation of Wnt signaling 119 could be involved in regulation of SP1, we treated HEK293 cells with Wnt3A. The 120 activation of Wnt signaling induced the expression of SP1 ( Figure 1B) . Similarly, L3 121 cells showed significant upregulation of SP1 along with β-catenin upon activation of 122 Wnt pathway using Wnt conditioned medium ( Figure 1D and 1E ). Since HEK293 123 cells have intact destruction complex and respond to Wnt stimulation, we sought to 124 use these cells to determine whether Wnt stimulation by Wnt ligand Wnt3A can 125 induce stability of SP1 at protein level.
We thus treated HEK293 FLAG-SP1 126 6 expressing cells with Wnt3A in time-dependent manner (scheme for hypothesis 127 presented in Figure 1C ). The treatment of FLAG-SP1 HEK 293 cells induced the 128 robust stability of SP1 at protein level as determined by levels of FLAG tag in wherein immunoprecipitation with anti-β-catenin pulled down SP1 ( Figure 2B) . Next, 152 we tested the validity of data in different cellular model; we overexpressed mutant 153 S37A stabilized form of β-catenin in HeLa cells and immunoprecipitated with anti-β- 154 catenin antibody. The analysis reveals that SP1 physically interacts with β-catenin 155 ( Figure 2C ). To further confirm if SP1 interacts with β-catenin, we performed 156 immunofluorescence assay in L3 Wnt3A cells, which have constitutively active Wnt 157 signalling. The data revealed that SP1 co-localizes with β-catenin ( Figure 2D ). To 158 determine whether SP1 interacts with β-catenin directly, we performed in vitro GST 159 pull-down assays using FLAG-SP1 expressing HEK293 cells ( Figure 2E , lane 3).
160
Similar results were observed in GST pull-down assay with GST-SP1 using lysates 161 of FLAG β-catenin expressing HEK293 cells ( Figure 2F , lane 3) and HCT116 cells 162 for interaction with endogenous SP1 (Supplementary Figure S2B left panel, lane 3). 163 These observations confirmed that SP1 and β-catenin interact directly in vitro. 164 Further, to delineate which domain of β-catenin interacts with SP1 we performed 165 pull-down assays using various GST-tagged domains of β-catenin ( Figure 2G ). GST 166 pull-downs revealed that both N-and C-termini of β-catenin interact with SP1 but not 167 the arm domain ( Figure 2H , lane 3 and lane 5). Further, both wild type SP1 and delta 168 phosphodegron mutant SP1 interact with β-catenin with equal efficiency 169 (Supplementary Figure S2C and S2D). Furthermore, GST-SP1 pull-down assay 170 revealed that SP1 interacts with β-catenin through its N-terminus ( Figure 2I ). 171 Collectively, these findings suggest that SP1, stabilized upon Wnt/β-catenin 172 signaling, interacts with β-catenin. Figure S3B ) suggesting that β-catenin is required for stability of SP1 at protein level. 189 Next, to determine whether Wnt signaling induced SP1 stability requires β-catenin, 190 we stimulated the FLAG-SP1 expressing HEK293 cells with Wnt3A and depleted β- GSK3β is required for SP1 degradation via phoshorylation of serines in its 212 phosphodegron motif 213 Next we sought to determine the mechanism by which Wnt pathway induces stability 214 of SP1. Interestingly, in silico analysis revealed that the C-terminus of SP1 harbors a 215 canonical phosphodegron motif that is known to be recognized by GSK3β ( demonstrating that activity of GSK3β is critical in regulating the stability of SP1.
226
GSK3β regulates the stability of proteins through phosphorylation of the 227 phosphodegron motif DSGXXS (21). We then argued that if such mechanism 228 contributed to SP1 stability, mutation of the two serine residues within the 229 phosphodegron motif at C-terminus should increase the stability of SP1 even during 230 WNT OFF state. We mutated both serine residues to alanine (SP1 S726/732A ) and also 231 deleted the phosphodegron containing C-terminus of SP1 (SP1 Figure 6G, compare lanes 2, 3 and 4) . Surprisingly, overexpression of (Fig. 6I, lane 4) . MG132 treatment rescued the stabilization of FLAG-β-catenin 402 ( Figure 6I, compare lanes 3 and 4) . Interestingly, the rescue of β-catenin stabilization 403 did not re-induce the expression of Wnt responsive genes, suggesting the role of 404 SP1 in regulation of Wnt responsive genes. This was further confirmed by the Wnt 405 specific TOP/FOP reporter activity in CHIR treated SP1 depleted cells. CHIR 406 treatment induced the reporter activity ( Figure 6J, compare lanes 1 and 2) . The super-activate the expression of target genes upon Wnt stimulation. Further, it will be 575 interesting to understand whether differential gene expression regulated by SP1 576 depends on β-catenin co-occupancy on target genes. Genome-wide approaches 577 would reveal the differential role of SP1 and SP1/β-catenin complex for regulation of 578 gene expression and thereby influencing the different developmental paradigms and 579 progression of cancers. 
